Trypanosoma rangeli can infect humans and the same domestic and wild animals and triatomine vectors infected by T. cruzi in Central and South America. This overlapping distribution complicates the epidemiology of Chagas disease because of the cross-reactivity between T. rangeli and T. cruzi antigens. We have studied T. rangeli strains isolated from different geographical regions using the mini-exon gene as a genetic marker. Two pairs of oligonucleotides directed to this gene were designed in order to detect specifically T. rangeli DNA by PCR assays. This assay was highly sensitive, able to amplify the target sequence using the equivalent DNA content of a single parasite as template, and demonstrated no crossreactivity with T. cruzi DNA. T. rangeli SC-58 strain, isolated in southern Brazil, showed a distinct electrophoretic pattern from the other T. rangeli strains tested. Low stringency single specific primer-PCR (LSSP) assays were able to detect sequence polymorphisms at the mini-exon gene among T. rangeli strains. Sequence comparisons of this gene revealed that the SC-58 strain was genetically distinct from strains isolated in Central America and northern South America. In addition to insertion\deletion events, the presence of microsatellite repeats in the non-transcribed region of the gene contribute to the intra-species variability.

Trypanosoma rangeli is a haemoflagellate that infects humans and domestic and sylvatic animals in Central and South America. T. rangeli has an overlapping distribution with T. cruzi, the aetiological agent of Chagas disease, in a large number of animal reservoirs and triatomine bug vectors sometimes resulting in the occurrence of mixed infections in both vertebrate and invertebrate hosts in the same geographical region.
T. rangeli has been detected in at least 20 genera distributed in 5 different mammalian orders. Considered harmless for the vertebrate host, T. rangeli induces a humoral immune response with high antibody levels that cross-react with T. cruzi that can interfere with the diagnosis of Chagas disease (Guhl et al. 1987 ; D'Alessandro & Saravia, 1992 ; Va! squez et al. 1997) . Recent reports of the presence of T. rangeli in South and Central America (Acosta et al. 1991 ; Steindel et al. 1991 ; Coura et al. 1997 ; Ramirez et al. 1998) have underscored the importance of a precise distinction from T. cruzi and have renewed interest in the biology and epidemiology of T. rangeli.
Different degrees of polymorphism among T. rangeli strains isolated from different geographical regions, hosts and vectors have been observed using different methods (Steindel et al. 1994) as also observed among T. cruzi strains (Brener, 1977 ; Steindel et al. 1993 ; Bogliolo, Lauria-Pires & Gibson, 1996 ; Laurent et al. 1997 ; Macedo & Pena, 1998) .
Isoenzymes, random amplified polymorphic DNA (RAPD) profiles and kDNA sequence analysis reveal genetic differences between T. rangeli strains isolated in Santa Catarina State, southern Brazil, and those isolated in Central and northern South America (Steindel et al. 1994 ; Vallejo et al. 1996) .
The nuclear, multicopy mini-exon gene has been used as a genetic marker to distinguish and\or characterize different parasite species within the Order Kinetoplastida, Trypanosoma, Crithidia, Phytomonas and Leishmania (Murthy, Dibbern & (Table 2) used in PCR amplification and DNA sequencing. Campbell, 1992 ; Sturm, Fernandes & Campbell, 1995 ; Garside & Gibson, 1995 ; Osorio et al. 1995 ; Henriksson et al. 1996 ; Teixeira et al. 1996 ; Fernandes et al. 1994 Fernandes et al. , 1997 Murta et al. 1998) . The mini-exon, or spliced leader RNA, gene ( Fig. 1 ) represents a good target for diagnostic polymerase chain reaction (PCR). In this work, we report differences in the mini-exon gene sequence among T. rangeli strains isolated from different geographical regions, hosts or vectors in Central and South America. We have sequenced the mini-exon gene from 2 T. rangeli strains and compared them with others already described, showing that these differences can be explained by (1) deletion\insertion events and (2) microsatellite variation. These data allow us to estimate the relatedness between the T. rangeli stocks.
  

Parasites
The parasites used in this study are listed in Table 1 . These strains were maintained in LIT or in bloodagarjLIT medium at 27n5 mC. Genomic DNA was obtained by phenol\chloroform extraction and ethanol precipitation (Sambrook, Fritsch & Maniatis, 1989) or using the Wizard genomic DNA purification kit (Promega).
PCR assays and DNA sequence analysis
Existing PCR-amplification schemes to detect T. rangeli based on the mini-exon gene sequences will also detect any other trypanosomatids present, for example T. cruzi or Blastocrithidia in the triatomine vector. With the aim of detecting T. rangeli DNA only in blood and tissues of experimentally and naturally infected mice and triatomines, we have designed 2 pairs of oligonucleotides (TrINT-1\ TrINT-2 and TrINT-3\TrINT-2 ; Table 2 ) directed to the intergenic region of the mini-exon gene (Fig. 1) . PCR amplification of the T. rangeli mini-exon gene was performed using the TrINT oligonucleotides (Table 2 ) with the following reagents. PCR buffer (10 m Tris-HCl, pH 8n0; 50 m KCl, 1n5 m MgCl # ), 200 µ dNTP's ; 10 pmol of each oligonucleotide, 1 U of Taq DNA polymerase using the following profile : 95 mC\5 min, 60 mC\1 min, 29 cycles of 95 mC\1 min and 60 mC\ 1 min and a final incubation of 72 mC for 10 min.
The low stringency single specific primer-PCR (LSSP-PCR) was performed as described by Barreto et al. (1996) using oligonucleotide TrINT-1 which had previously shown the best informative pattern (Grisard & Romanha, 1997) . Both PCR and LSSP-PCR amplification products were electrophoresed in 6 % polyacrylamide gel and silver stained (Santos, Pena & Epplen, 1993) .
For sequencing, the whole mini-exon gene repeat was amplified by PCR performed with oligonucleotides ME-L\ME-R (Table 2) using conditions previously described by Fernandes et al. (1997) . These amplification products were visualized by 1 % TAE agarose gel electrophoresis, stained with ethidium bromide, purified and cloned using TA Cloning Kit (Invitrogen). Sequences were obtained using the Sequenase Kit (Amersham) and oligonucleotides ME-L, ME-R, Tr5S-L and Tr5S-R † Lower case l extra nucleotides added for PCR and sequencing.
Fig. 2. PCR amplification of Trypanosoma rangeli
(Choachi strain) with oligonucleotides TrINT-1 and TrINT-2. Fifteen µg of mouse blood DNA were added to different amounts of T. rangeli genomic DNA. Amplification products were resolved by electrophoresis through 6 % polyacrylamide gel and visualized by silver staining. MW l φX174 HaeIII-digested ; NC l negative control (no T. rangeli DNA).
( Table 2 ). Comparison analysis was made with PILEUP (Wisconsin Package Version 9.1, Genetics Computer Group, GCG, Madison, Wisconsin, USA). Mini-exon repeat sequences of T. rangeli San Agustin (M62864) and BG-60 strains (X62675), T. cruzi strains Sylvio (X62674), CL (U57984), Y (K02631), Tulahuen (X00632), MT4167 (AF050523), M5631 (AF050521) and M6241 (AF050522) were obtained from the GenBank database.

The sensitivity of the TrINT-1\TrINT-2 oligonucleotides in a PCR assay was determined using titrations of purified T. rangeli genomic DNA (Fig.  2) . To control for inhibition and\or non-specific amplification from host DNA, the assay was also performed with different amounts of T. rangeli in an approximately 10'-fold excess of DNA extracted from mouse blood.
The assay using oligonucleotides TrINT-1\2 was sensitive and specific. At lower DNA concentrations, a single band of the predicted size (" 360 bp) was amplified from as little as 10 fg of T. rangeli genomic DNA. Based on different estimates of 101-280 fg of DNA per nucleus for different trypanosomatids (Castro, Herna! ndez & Castan4 eda, 1981 ; Lanar, Levy & Manning, 1981 ; Borst et al. 1982 ; Kooy et al. 1989) , this suggests that the assay will be capable of detecting a single parasite in tissue samples. No cross-reaction was observed with excess mammalian DNA (Fig. 2 ) or with any concentration tested of the 4 T. cruzi strains (Fig. 3 A) representative of 4 different zymodemes (Table 1) . There was a decrease in the yield of T. rangeli PCR product in the presence of excess of mouse blood DNA (100 fg ; Fig. 2) . The mini-exon gene amplification products from T. rangeli SC-58 strain, isolated in Santa Catarina, revealed a different electrophoretic migration pattern from the other T. rangeli strains tested (Fig. 3 B) . In addition to the 360-bp band, a band of 430 bp was present. Amplification products obtained with the TrINT-1\TrINT-2 oligonucleotides with DNA extracted from 2 clones of SC-58 strain (SC-58 cl26 and SC-58 cl32, obtained by limiting dilution) presented the same dimorphic pattern. In all these assays, similar results were obtained with the TrINT-3\TrINT-2 oligonucleotide pair (data not shown). These results demonstrate a polymorphism in the gene, and rule out the possibility of a mixed culture.
To analyse the presence of a sequence polymorphism, LSSP-PCR profiles obtained with oligonucleotide TrINT-1 revealed reproducible reamplification patterns for the 2 bands obtained for T. rangeli SC-58 strain and its 2 clones. Both of these patterns were distinct from those obtained for the other T. rangeli samples. Several prominent bands were not shared, which confirms the sequence polymorphism in the mini-exon gene among these strains (Fig. 4) .
Because SC-58 is the southernmost isolate of T. rangeli and has been shown by RAPD to differ at multiple loci (Steindel et al. 1994 ) from other more northern isolates, we must also consider the effects of genetic variability and geographical distribution on this detection assay. The precise nature of this polymorphism was determined by PCR amplification and DNA sequencing of the whole repeat from SC-58 and a strain from Honduras, H8GS. Sequence alignment of the mini-exon gene repeat from T. rangeli SC-58 (GenBank accession no. AF083350) and H8GS (Genbank accession no. AF083351) with previously reported sequences from T. rangeli San Agustin and BG-60 strains is presented in Fig. 5 . The exon sequences were conserved among these strains, as was the T-tract, located downstream of the intron in all kinetoplastids. The intron, as well as the 5S rRNA sequences, were not absolutely conserved among the T. rangeli strains. At the intron level, strains BG-60 and SC-58 were identical and 2 nucleotides longer than the H8GS intron. Strain San Agustin intron was 15 nucleotides shorter than strain BG-60.
The 5S rRNA genes of H8GS and SC-58 strains showed 3 mononucleotides (G, A, C) and 1 dinucleotide (AG) insertions in comparison with the others. In a different position, strain San Agustin revealed a tetranucleotide (ACCC) insert at position 556, not observed in the others. Moreover, 7 nucleotide changes were observed in strains H8GS and SC-58.
Within the intergenic regions of these strains we observed 2 types of polymorphism. First, at a distance 84-206 bp upstream of the mini-exon itself, SC-58 and H8GS contained 53-113 bp more than San Agustin and BG60 strains respectively. Secondly, the region upstream of the 5S rRNA (and downstream of the mini-exon gene) contained several dinucleotide (CA, GA or AT) and tetranucleotide (GGGA) microsatellite repeats that were variable in length. The presence of these variable microsatellites explains the dimorphic amplification pattern obtained for SC-58 strain.
Comparison of all the T. rangeli mini-exon sequences and T. cruzi sequences representative of 3 major zymodemes using the PILEUP routine is shown in Fig. 6 . Clearly, 2 distinct groups were formed : one with T. cruzi strains and the other with T. rangeli strains, within which strain SC-58 was separated from the other T. rangeli strains.

We have observed substantial variability in the miniexon\5S gene repeats from T. rangeli isolated in the extremes of geographical distribution, from Central America to southern Brazil, however, this variability does not affect the specificity of our PCR assay. The assay presented here will be instrumental in understanding the epidemiology of T. rangeli as well as in studying its tissue distribution in mice and triatomines.
Because details of the T. rangeli life-cycle in the mammalian host and triatomine vectors are still unknown, we designed 2 pairs of oligonucleotides (TrINT-1\TrINT-2 and TrINT-3\TrINT-2 ; Grisard & Romanha, 1997) directed to the miniexon gene to detect T. rangeli DNA specifically in blood and tissues of experimentally infected mice. These oligonucleotides were able to detect T. rangeli and did not prime DNA synthesis from T. cruzi Fig. 5 . Alignment of mini-exon gene sequences of Trypanosoma rangeli strains isolated from different geographical regions. Black background indicates identity and grey background indicates conserved sequences among strains. The mini-exon gene is marked between positions j1 and j39, the intron between positions j40 to j113, and the 5S rRNA gene is marked by its 5h (5S 5h) and 3h (5S 3h) ends. DNA. This can be attributed to the presence of the 5S rRNA sequence within the intergenic region of T. rangeli mini-exon gene, but absent from the T. cruzi mini-exon gene. The specificity and sensitivity of the TrINT oligonucleotide series in detecting and amplifying purified T. rangeli DNA was retained in the presence of an approximately 10'-fold excess of mouse blood DNA. The whole mammalian blood has around 12n5 µg of DNA\ml (Sambrook et al. 1989) , which implies that the DNA amount equivalent to 1 ml of blood can decrease the sensitivity of this assay as shown in Fig. 2 . Moreover, we should consider the relative amount of blood collected for diagnostic procedures and, the fact that T. rangeli infection in the mammalian host shows a low-level and short-lived blood parasitaemia. Preliminary experiments with this assay have detected specifically T. rangeli in the haemolymph and faeces of an experimentally infected triatomine vector, even when no trypanosomes were detected by light microscopy (Grisard et al. 1997) .
Previous work using RAPD analysis (Steindel et al. 1994) , kDNA minicircle sequences (Vallejo et al. 1996) or DNA fingerprinting (Macedo et al. 1993) have shown that SC-58 strain, which was isolated in southern Brazil, has distinct genetic characteristics from T. rangeli strains isolated in Central and northern South America. Interestingly, T. rangeli strains isolated from Honduras also showed distinct genetic characteristics using the same genetic markers. Considering the heterogeneity observed in these studies, the possibility of mixed cultures was eliminated by submitting SC-58 and H8GS strains to biological assays prior to DNA extraction. Both SC-58 and H8GS strains showed characteristic T. rangeli biological behaviour such as anterior transmission by triatomine bugs, pathogenic effect for this invertebrate host and a classical short parasitaemia with low numbers of circulating parasites in the mouse model.
Comparing the TrINT-1\TrINT-2 and LSSP-PCR amplification products among T. rangeli strains isolated from different geographical regions, we observed differences between SC-58 and the other strains tested. Since 2 out of 3 oligonucleotide annealing sites are within the intergenic region of the mini-exon gene, we investigated the presence of sequence polymorphism among these strains. Sequence alignment revealed the presence of variable microsatellite repeats, and also insertion\deletion events characterized by sequence blocks present or absent among these strains. This same insertion\ deletion type of intraspecific DNA variability has been reported in related organisms such as Leishmania sp. (Fernandes et al. 1994) , Endotrypanum sp. (Fernandes, Degrave & Campbell, 1993) , Trypanoplasma sp. (Maslov et al. 1993) , Phytomonas sp. (Sturm et al. 1995) , T. cruzi (Fernandes et al. 1998) and T. simiae (Sturm et al. 1998) . However, we do not detect direct short repeats flanking these block variations in T. rangeli.
Furthermore, despite the high conservation observed among T. rangeli strains analysed in this study, we observed variability in several dinucleotide (CA, GA or AT) and tetranucleotide (GGGA) repeats within an intergenic region of the mini-exon repeat. Such dinucleotide microsatellite (AT) variability has been reported for the T. brucei mini-exon gene (Michiels et al. 1985) . T. rangeli is the first trypanosomatid mini-exon repeat for which microsatellite and block insertion\deletion has been described. Moreover, 3 different dinucleotide motifs were found, differing in their length.
These repeats, so-called microsatellites, have been described in a wide range of organisms and their analysis provides a powerful tool for specific characterization of parasite stabilates as well as for population genetics studies (Rossi et al. 1994 ; Scho$ nian et al. 1996 ; MacLeod, Turner & Tait, 1997 ; Oliveira et al. 1998) . Comparisons made with the whole mini-exon gene sequences of T. rangeli and T. cruzi confirmed these results. PILEUP analysis of these strains formed 2 distinct groups, one formed by T. rangeli strains and another by T. cruzi strains. Nevertheless, strain SC-58 showed to be genetically distinct from the other T. rangeli strains, despite their grouping (Fig. 6 ). Even producing different groupings from those obtained by RAPD analysis (Steindel et al. 1994) , kDNA minicircle sequences (Vallejo et al. 1996) or DNA fingerprinting (Macedo et al. 1993) , the mini-exon gene proved to be a very useful genetic marker. In accordance with these results using different methods or markers, T. rangeli SC-58 strain isolated in southern Brazil and H8GS isolated in Honduras was revealed to be genetically distinct from the others. 
